In rat pancreatic acinar cells, the Ca2+-mobilizing receptor-agonist, caerulein, at 
INTRODUCTION
In pancreas, as in many other tissues, an early response to activation of Ca2+-mobilizing receptors is phospholipase C-catalysed hydrolysis of PI(4,5)P2 to (1,4,5)IP3 and diacylglycerol (Berridge, 1984) . Each of these products functions as an intracellular messenger; diacylglycerol activates protein kinase C (Nishizuka, 1984) and (1,4,5)IP3 mobilizes Ca2+ from an intracellular pool (Streb et al., 1983; Berridge & Irvine, 1984) . Further studies, initially of parotid gland and subsequently of other tissues (Burgess et al., 1985; Batty et al., 1985; Heslop et al., 1985) , have shown that a second isomer of IP3, (1,3,4)IP3, is also formed in response to receptor activation. Here we report the effects, in pancreatic acinar cells, of caerulein (cholecystokinin receptor-agonist) and carbachol (muscarinic receptor-agonist) on the formation of each of these isomers of IP3. In addition, we have investigated whether any ofthe products ofphospholipase C activation may themselves control the formation of each isomer. (Merritt et al., 1986) . Cells (50 mg of cell protein/ml) in a modified Krebs-Henseleit medium (Merritt et al., 1986) were incubated with [3H]inositol (100 ,Ci/ml) for 4-5 h at 37 'C. Cells were washed by centrifugation, resuspended (2 mg of cell protein/ml) and incubated with the appropriate additions for the times specified. Burgess et al., 1985 pattern of stimulation was observed in cells stimulated with a submaximal concentration of caerulein (0.3 nM) (Fig. 2) . In previous studies of parotid gland stimulated with carbachol , and of hepatocytes stimulated with angiotensin II (Burgess et al., 1985) , a transient increase in [3H] (1,4,5)IP3 also preceded a sustained increase in [3H] (1,3,4)IP3.
MATERIALS AND METHODS
The source of (1,3,4)1P3 has until recently been unclear, since phosphatidylinositol 3,4-bisphosphate, from which (1,3,4)IP3 could be directly formed by phosphodiesteratic cleavage, appears not to be present in those cells that have been examined . A (1,4,5)1P3 kinase has now been described in Xenopus laevis oocytes and brain homogenates that phosphorylates (1,4,5)IP3 to (1,3,4,5)IP4, and this can then be dephosphorylated by a 5-phosphomonoesterase to (1,3,4)IP3 (Irvine et al., 1986) . At present, there is no direct evidence to allow the importance of this pathway to be assessed in cells stimulated with receptor-agonists. Nevertheless, the time course of formation of (1,4,5)lP3 and (1,3,4)IP3 (Fig. 1) and reports of agonist-stimulated (1,3,4,5)1P4 formation (Batty et al., 1985; Heslop et al., 1985;  J. E. Merritt, C. W. Taylor, R. P. Rubin & J. W. Putney, Jr., unpublished work on exocrine pancreas) are entirely consistent with the proposal that (1,3,4,5)1P4, derived from (1,4,5)'P3, is the source of (1,3,4)'P3. However, increased availability of (1,4,5)IP3 may not be the only factor controlling synthesis of (1,3,4)IP3. In caeruleinstimulated pancreatic acinar cells, for example, [3H]-(1,4,5)IP3 returns to the resting concentration while [3H](1,3,4)IP3 continues to accumulate (Fig. 1) ; and when cells were stimulated with carbachol there was substantial formation of [3H] (1,3,4)'P3, but no significant increase in [3H] (1,4,5)'P3 (Fig. 3) vation of protein kinase C by diacylglycerol can be mimicked by phorbol diesters (Nishizuka, 1984) . Preincubation (30-60 min) and subsequent incubation (6 min) of pancreatic acinar cells with a phorbol diester, PDBu (10 /LM), a treatment that we have previously shown to stimulate amylase secretion by pancreatic acini (Merritt & Rubin, 1985) , did not affect [3H]IP3 formation in response to maximal or submaximal concentrations of carbachol (1 mM, 100 ,UM) or caerulein (100 nm, 1 nM) (results not shown). By contrast, in liver, phorbol diesters desensitize the aLx-adrenoceptor, perhaps a consequence of loss of surface receptors (Lynch et al., 1985b ) and a decrease in receptor affinity for agonists (Corvera et al., 1986) . In astrocytoma cells, the muscarinic-cholinergic receptor is desensitized by phorbol diesters, but changes in the receptor do not fully account for the desensitization, suggesting that there may also be changes in the coupling protein or in phospholipase C (Orellana et al., 1985) . Our results from pancreatic acinar cells clearly demonstrate that desensitization by phorbol diesters is not a universal feature of Ca2+-mobilizing receptors.
In pancreatic acinar cells, caerulein-stimulated formation of [3H] (1,4,5)IP3 or [3H] (1,3,4)IP3 was unaffected by pretreatment (30 min) and subsequent incubation with PDBu (10 ,uM) (Fig. 4) . This result implies that protein kinase C does not regulate formation or the metabolism of either isomer of IP3.
We next determined whether the other limb of the phosphoinositide-signalling pathway (that which leads to an increase in cytosolic [Ca2+]) could play a role in regulating formation of the isomers of IP3. Pancreatic acinar cells were incubated for 15 min with carbachol (1 mM) in the presence of CaCl2 (1.28 mM) or in its Vol. 238 -0.6 P' absence (with 100 FM-EGTA); under these conditions,
[3H]IP3 formation was stimulated, and then during a further incubation of 15 min with atropine (1 #M) the amount of [3H]IP, returned to the resting value (results not shown). This protocol allows hormone-sensitive intracellular Ca2+ pools to be totally emptied such that, in the absence of CaCl2, when the muscarinic-cholinergic receptor is blocked with atropine and the cells are then stimulated with caerulein, there is no increase in Ca2+ efflux (Putney et al., 1983) . Prevention of the increase in cytosolic [Ca2+] in this way had little effect on the rates of formation of either isomer of IP8 in response to subsequent addition of caerulein (100 nM), although the initial rate of formation of [3H] (1,4,5)IP3 was slightly lower and the final concentration of [3H](1 ,3,4)IP3 slightly decreased (Fig. 5) . These results suggest that the increase in cytosolic [Ca2+] that would usually follow formation of (1,4,5)IP3 is not important in regulating the formation of either isomer of IP3.
Comparison of Figs. 4 and 5 reveals that, although pretreatment of cells with carbachol had no effect on initial rates of [3H]IP, formation, it substantially decreased the final amount of[3H](l,3,4)IP3 accumulated. We cannot fully explain this result, though it is possible that prolonged pretreatment with carbachol decreases either the specific radioactivity or the size of the hormone-sensitive PI(4,5)P2 pool.
Maximal concentrations ofcarbachol or caerulein that produce comparable increases in intracellular [Ca2+] in pancreatic acinar cells (Merritt & Rubin, 1985) have very different effects on the concentration of [3H] (1,4,5)IP3 (Figs. 1 and 3 ). After stimulation with either agonist, [3H] (1,4,5)lP3 returned to resting values within 30 s, yet the hormone-sensitive intracellular Ca2+ pool, assumed to be regulated by (1,4,5)IP3, remained empty for as long as receptor-agonist is present (Putney et al., 1983) . One possible explanation of this apparent paradox is that, during stimulation, the specific radioactivity of [3H](l,4,5)1P3 decreases and masks a sustained elevation in the cytosolic concentration of (1,4,5)IP3. If this occurred, we should expect that, after stimulation with carbachol, blockade of the muscarinic receptor should cause the [3H](l,4,5)IP3 radioactivity to fall to below that observed before stimulation. To test this possibility we measured [3H] (1,4,5)IP3 before stimulation, after stimulation with carbachol (1 mM) for 70 s, and in cells first stimulated with carbachol (1 mM) for 70 s and then treated with atropine (1 /tM) for 5 min. After each of these treatments, the [3H](l,4,5)IP3 radioactivity was the same, but atropine caused the amount of [3H](1,3,4)IP3 to fall close to baseline (results not shown). Unless, throughout the entire time course, changes in the specific radioactivity of [3H] (1,4,5)1P3 exactly counterbalance changes in its mass, the simplest explanation of the results is that neither the mass nor the specific radioactivity changes during this time.
In conclusion, although there is convincing evidence derived from a number of diverse systems that (1, 4, 5) (Spearman & Butcher, 1982) . The most likely explanation of this result is that receptor-agonists increase cyclic AMP in a cytosolic compartment that is sufficiently small as to contribute insignificantly to the measurement of total cellular cyclic AMP. A similar compartmentalization may underlie the lack of correlation between total cellular [3H](1,4,5)IP3 concentrations and the behaviour of hormone-sensitive intracellular Ca2+ pools. Indeed, we have previously reported that only a fraction of the endoplasmic reticulum pool, perhaps a fraction that is closely associated with the plasma membrane, is responsive to (1,4,5)IP3 (Taylor & Putney, 1985; , and in hepatocytes a very small and submaximal increase of IP3 is sufficient to elevate cytosolic Ca2+ maximally, although the isomers of IP3 were not resolved in that study (Lynch et al., 1985a) . We conclude therefore that total cellular concentrations of [3H] (1,4,5)IP3 may not accurately reflect the concentration ofthis putative second messenger in biologically relevant compartments. Another possibility is that 1P4, which is also formed in the pancreas after receptor activation (J. E. Merritt, C. W. Taylor, R. P. Rubin & J. W. Putney, Jr., unpublished work), may play a role in regulation of intracellular Ca2+ pools or in regulating Ca2+ fluxes at the plasma membrane. Further studies, however, will be needed to distinguish between these or other possibilities. This work was supported by grants from the National institutes of Health, DE-05764 and AM-28029. 
